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FROM_ J. Ledsrberg 

J. Lain TO-- 

CC. 

Dmr Joe: 

We gather you hare had roar, interesting travel lately. I’ve been running around a 
bit myself but find the oxperiemo more exhausting than stimulating. I am going to 
keep ia mind the -possibility of making a virit to you before the end of the year but 
I oanlt say just yet when it will bs possible. One of the oomplications is that I 
am teashing and have classes on Tuesdays and Thursdays. This makes it a bit awkward 
for a visit which requires the best part of a day to get there and a similar time to 
get bacrk. I would be furious to know how hapap you and your colleagues would be 
about a visit on a Saturday or on the Firday of the Thanksgiving weekend or similar 
dates. During the Christmas reoess or after the present semester this problem won’t 
be nearly so urgent. 

To take up the subjests in order, of course I have seen the properdin work in the 
newspapers but I hardly know anything about it but I will keep my eysr open and make 
no aomment until I have famfliarlsed myself a little batter with that situation. 

I am happy to note that you are getting somawhore with the induction system but I have 
the feeling that it hao not yet been perfected to the point whore it would be really 
worthwhile to use in its present fora While, as you point out in your discnrsion, 
you do get a 100-fold increase in the amotxnt of phage over a period of j hours with 
one gamaa as8serIne, this really should be crampared to the aount of pha~o that you 
get In similar culturer without asaserlne and the &nparissns that I see her? would 
be the order to lo5 plaques/ml in M-9 alone as compared to perhaps twnty times that 
much in the pressme of asaserine. Considering that araserine has already been 
purified and demonstrated olsewhet e to be a very effleient producing agent this still 
doer not seem to me to be a very satisfactory differentiala 

Looking over the protocrols I would have the following suggeetions to make by wary of 
sharpening up the system. IiYrst of all, it is quite true that asaserine is of oourse 
antagonized by other substanses in nutrient broth. I andorrtand that the aromatia 
amino acids are especially efficient in this respeet. On the other hand, I do not 
think that you can get anywhere near optimal induction in synthetic media, especially 
without aeration. I would hare the following conurett suggestions to make by way of 
modifying the teahnlque. First of all, either to improve the conditions of growth in 
the synthetic medium rpeaifically with the help of aeration, preferably on a rotator 
or shaker or something of that eort, or else to conduot the induction in a complex 
medium. In my own hands M-9 is not as satisfactory a medium for the growth of & a011 
as is the Davis minimal medium which is described in some of my papers and also In’-- 
Bernie Davis’ but we have found that under any clruumstanuse or any media that aeration 
is quite necessary in order to achieve maximum yields of phase-. My second point would 
be that it would probably be more affeativa in terms of induution if you could treat 
the baaterla for a relatively limited period of time, say one hour or two hours, in 
the presence of an Inducing agent and then either dilute or, in plsae of that, wash 
the cells so as to replace the medium with one that is optimal for growth. 
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'tat J. Lsin Jarember 7, 1955 Ssw Antibiotios Sarsenizyg Pnrtman - 
Coasultantship &rangemnt 

fa ny owa eplnloa the beat regim won18 be semethialg: as follows8 Use 8 hour or 10 
hew laomxla from a eomplez medim , rrrtrieat broth, eew Peaassay ~dltm is one which 
we h8ve used very 4 f feetive3y. Wash the sells md resuspsnd thw at a denrity of 
about 106 eelle par ml la a synthsti~ aediam la bho prseense of whatwar claafgomads 
you are trying to test the i8duotfola pewen of. Iwubate with aeration dgsiqg this 
i&em1 for about 2 &mars. Then either dilate or wash the oells aad replaw thaw 
with am aerate& Penrssay medim. Amthor 2 hourr should be qyltb alsfflrient for the 
oospletioa of release of ax.q phage that is goi% to be relsased by the IadtuM sells. 

I think with such a tsahaiqus ysu sk@Ud #et, with am agent like asaserlne, 10~11s of 
bduued @age at least 100 OF perhaps lO,OOO tiara hi&r than yau are saw rcrsordi~, 
!&is will of oo-aree imolve using somewhat &easer s~speasioras of bacteria during the 
trmtnent . I am also wza80rnd about the rather high basal 14rcll Q$ the phage that yap 
are repertlng sknd I raspret that the diffimalt;f bra is that pa are wt ushg cpaita 
emeugh streptomycin la the iadiewrtor plates. I ws7aM aartain3.y try at 1ersO $3 and 
prefmmbly 100 br svsa higher eemm&ratians sf streptomycls, that is, Oa ?Wr 
ml, in making; the assays* I suspwt that at 10 gIlLaaa/ml the lysogenie bae aontinue 
to produ&e a small amount of phaga in the assay plates but high eoncsatrations BI 
streptomycin shoald stq thsm arrsh mm abmptly. With washed sells ye% sh~ld get a 
aouat of plaqus foners in your untrsated suspomian whioh is nsidsrably leer thark 01~4 
per 1060 of the eolomy farmers--aoariderably less. 1 would i ine that the results ;vota 
are getting mw Mnold be p?mtty mu@h the same mm if yorr wro mat adding streptomycia to 
the indfrator meditw. 

I dmk't beliers tkmt we will hare say further or additional use of a Wl44~%r etrailt at 
the prsreat tine but thal: yotl anyhow* Jar. I 40 thiak, howsver, that ggu night find 
it Qctmntageons to leak into the me sf a few other strGtins of seasitire bacteria, for 
szampl8, strain 0, whi6h f belier4 vs hays sent you bsfore. 

The oansiderabl,s variability in plaqus sios that mr; mathard fr not aureharaoterietia 
of random plati~s. It's ow of the serious hoadaoher of thics partianlnr s~stsm and 
I danlt know too wll bv pm are &ng to &et around It. I saspect that tha plaque 
variation e~mes about partly fpor the fast that thmu& a plattag,both free phaqe partialem 
and infearted eentsrs which are rkartly aboat them in these vary largs ggSBers of @age 
partloler, the variation may disappear er at lsast bls greatly rolu.eod with the regive 
that I have mentfened -fore or with the inoorporatioa of smre streytomi8 iato tho assay 
plates. Soarthing else right aonoeirably be happemimg. viz., that your stock caltare h&s 
pi&e4 up a wrtain mwuat al a mutsab te pkage which we call lambda 2 whiuh ir aapble of 
growing lithely on the X-12 strain. IOU 018. rather easily cheak te ss~) if slny of the 
ratbar clear plarques that yeu hare in your away plates are this mutant by simply 
detemiaing whether thsy will lyse ths E-12 strain itrelf. If this is the tmuble, or in 
ia& sve~ if it imat, than raight )a lome advantage la aring as a test maltme a matant 
of E-12 wbioh la reristant to lambd,a 2 uhlah mtstion did not interfere st all with its 
ability to rslease lamk?.a under ~otiitionr of imWatien aad we vi11 armi this on to you in 
awhile. This is the se-called l&&s&da 2r or LPgr mutatioa. ff I may nurrrsriscr the 
folloriw are points which I think Jnl confrlbMe to giring you a such &arpor assay thea 
yan haYe ww: 

1. Coaduet the trmdent of the bwferia in a synthetfo medium but mubseqaeat to a very 
brief trsatwnt thay should be allewe& to develop sad grew the dhage in a aomplex 
medium auier mmditions of aeration. 

2. Was oonsiderably higher levels of rtreptomydn ia the assay plate& 
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3. Born whothe? tha rrtrwa variation ia plrqm aerph@lqy is due k, the prswnae of Q 
Xytis pimge which wi’fl attralr t&r K-12 rtracin, If thim iB the Ba6@, it play parrtly 
ae66uat far tha high Lenlr of wntrel @m&e that yen atlre rmniagz: into, 

fa y own @pitiQlt it weaId net be prefitiblr te yfb08ad wfth the tertiq of stew agent8 
until pa hue I; qttes whfah is rather mere tonritivr ts an agsrtt like rsawrine. 

To tura to BOW ether imaa8, I am very plrarad ta learn that gou will have BOBDO 
sonttnui~ iatrrort rt all in the pnsbbm that ir re1art.b to the am of tBe Sorrstia 
*trail8 that WC) roat you. When you uid mu wemld fmed it te HO if it basomsr 
a6tabli6hed, I: hope you wan 64 @ ire the red baatcrrium sew 6n8aumpnant. f w@ald very 
meh doubt that it wmld dirplt8a R pro4rirtant onterie flarm in the mnme. f would 
lava mmo h%p thd it ri@$ de 80 under asnditimr where fer euurplr fcru used (t 
rtnptomyain-roristaat wtaat far th* fro&ha: at the tins when the ~imslr VW* 
ro+acl,i~in& rttirpteuyeia and chair lawma flsra wat being rapidly diminished. Almst 
atrythin$ that wm+$ oat of roeh rxpr?iwnt iB bO3md to be, to my miad, extreae~ 
intrrestibg. 

5 weuld fir a&m th, ooneera that you feel that the wet iatersrti~ anat marsl 
rituabicans tn the sew urtlbioticr program might bo lort in the ohuffls. S think ths wholr 
impliaation of what Sr momt ba tho oraam hariag bera slrmdg &iaumd off this rituation 
by the lar@ rrompa~er ~teaae that yo?r lima to ~~QIXI&C) &round with mm~whBt0 awe 
diffimalty in the rkim iai% f!hme fr alwapv bemd t@ be at lerrt mmo fmrrre 
aorralatioa between uniqwwrr sad qmntitatite ftaility. f bow that you are wt #eiag 
to worry mu& rbant your ritpation aatil ;rw. lmrn v&ether or not FoLix ~211 be rtyiqg 
on with you. Z think ~0x1 will be iatererted to ham th8t (P&MI 18elsan hrr taken a job 
in the Botany Ikprtatont hers wfmkiag with Ihlton Olroog @a the ro-m&led luher grojmt. 
40 you know, the dovslqment of blw-r&r+crn algae bloaar on ~?%r 160~1 k&icm~ bar been a 
Parstiter of tam groat rwnomic emmat~ 80 that thorn IMMB beea a rev ortenclire program 
of the r-4 of the phyriology of thaw or~irma. f&m ir going to b6 involved in the 
d~relcqment of teohaiqwr fer the ime6 aplt?&a, of the blae-gre~n alga@ but one sf the 
aria preoemupstionr ibr sad prasltiaal nim3tr of thir I!aks projsat ir arrtaialy ~qofw to 
br tha dcncrlcpmnt of PLBWI@ of inhibitSag thr growth of theso Qf@UkiElSB. rt just 
oosarrod to me that if *ito the Fight ar&tibiat%e b@LtB could be prsdaeod uhicrh weuld 
W .ffsatiro sn~8%& to mati it v@ltk#hit. to am them 611 the t?.la@ndQUS aealsr req?xired 
here, there would be a trrr large sarkot for that kind of atgtibistit, th& is to say, 
slgaridal &@ab. Of 04ur10, +ril' drndderr to think of the esole@%lal uprots that waald 
br the conmqusmm of awlh intrrforeacn la the normal c~ele sf Zakr growth. At &rty rats 
Tom is qyltr ~011 fixod up here, at loart for the aautmaiPr per. Bxetbr fa no prbafse oa 
either side as to whather he will continua sad ia th# wont tkt B’cslix dorr leave f 
think you Jliborld aertainly losk to me whether he ir uvtsilabla, arad raitabl+ far a 
p48ition in yopf outfit, On a ls8g ten b~tir howaver, as Lang er the wb$mB har Beon 
brought up, E werilld think that Qaba Bradley would be s more effeetire mmber of pmr 
rrr.Ereh graup. &3wwer, 1 8,~ wt gain& ta sr6emmond bin ts ~gu or rfao VOrBrg. xuklrm 
palrr mmpany policy wmld bo mmh as to aako it posribla to amaro Bradley thret he mmld 
spand at least tha larger pet of hir ti8a Q?& bari mrasrcrh emd 1 rssrlisr thst thir lnay 
br mu&-too-mu& to ark rt the prrroat time. Still r: dsn’t kmw how ~0% are gblag to bd 
sblo to got the boat gorrlbla perwnnol to handle aven the @neWa 8j3?lit;stion of 
aetiwaycretr @x&dial URlOOt yOU Oat% m&O POW Ctpe~ingS 8ttr86tiW 011. this basis a6 Vs'Ll, 

‘Phert ir wt 1~ p&t dasl te iall gep about the progrerr ef our work here, clerrlp 
Sfaontf bar gettan a geod dsal uhoad of arqb4dg bare. I thiak hir mara dewartratios 
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Too 47. Let0 H%w AQtibi~tieS S6F66Mng Prag?a~l 
e0nm1 tastship A~Mat 

sf thr rxirtewe of r+oonblnatlos in iwtlaeaogcmter m@ht ta Bb S~B&iII& theu&h$e late 
the mind6 of a areat rrw people. Oalen had gotten abat as far along twhnieally X 
think aa Siwati did. WI, hnv. d8velqed a fsirly geed wllration of ar~trspbie 
wUttkst6 in +a~iOUS &r&hi of St?@$jt~06t66 t&ii& v6?!6 S@oIated from the r@ir. tith 
rrfwmer only to their eantelricr~a in laberatewy u6er 3%. teshl61q\sl, that was used 
for dsvelepi&g there &U2Ot?lQh@ -6 dBqS4 th&t Of ?eJdiea pbtiB& of tho S~~atilQlJ 
ool.onlw after W lrradfatisla of apar, mmpe~~ianr. Ar far a6 ws 0all t811 in the Sp6ratiO6 

that w6 hew cranridemd, the ~onidia are rtriatly xxnlque nasleatr. Cmbinrtfoar of 
differeat mmotrclphr rsllrrgrr wmd2tioar of rsthsr rtrlqgent releotlan do rewlt ia 
0~~6i4~8l prOtbtr@M being foam& Thi 6 it about a6 far QB it had &WA. &U?faq 4 
wrlier erragl isto thir particular 6~~1~ Qalen harm goBe wer laocst of tlzgt rather wro 
mr6ihlly a?& rerontly we har6 been able to prove amsbmp@us~ that these prototrophs 
are ila fast hetwokar~orr bmkemro whoa @ i&k&@ hy@w are inehtad with the mim’oBnanipul@tor 
they give rise to cultures which are protottophia thcnsolver Imt which throw off 
l xalu*i+rly pa2wta1 WxetmQhlo 6pWeS* Xn %h6 vogetati+o mtato, h6w6v6r, h6tw6kmyetie 
mywliargonw it is fQIVIHd, lr nlativoly 6tablo r*6 @%WI a6.d this dare bare the door 
op.rr f@? the pesribility at lSa6t of 4Xp%4?ing a68fQ1 &~~~iCMktiORS of h6terObLr~a6. 
So far we have net ma into aa~rthi~& that we oarlald ba sure was rsaombination in a way 
t&t %wati de66 1~ ths path he has dose I~Q 6aSi1g BO this must be rwy ls~@,y a 
matter of strain &lffexww and it woald b6 imprribls to predict whether rash 
reoombismtioa ~heaoaraa would 06aar in which atrains. 

The only rswnatioa that j: ea?&tlnnn to h&w in dlr4u6ring there artfrmupet4 problrmr 
lr that you mot toll 166 tuaythln# that NIX would not want 146 to ~16 on tu Oalra bseaure 
f o?wicmr4 sanaab bald him ts w eonfidenoe tm tbre mattmr if other pwple sBk 
about them but 1 think n're @me war that qW6tiOn 8uffieisn%ly QQ that wm know pretty 
~611 rfisx-6 wo aX6* Of di?ttr66 f wo%ld lb@ dali&Md ta hem whatrter PeSir ha8 to s&y 
abtmt hi6 own gewtia prsgrrra, f etm asrtafnly syq?athir6 with the rslmmt nusa6sary 
rlovgerr with whicah it prom*da. We*re bad 013~ 4wa 6sprrieao6 with that. I&w, by the 
way, ir Ethslyn Llrely worklag Oat? f hop she ia rrB ?%66Ot to ;jrg%kr Wganisrtiorr. 

Wall I: sagpare the #,rt iqmrtmt inmdirte qu66tlan 1s the taQbalq?sa of lndnctian arta 
1 hop6 yoalll keep se informal a6 to wheth6r you croarid6r it worthwhi~o to try 60~6 af 
th866 mdlficrrtionr sad how thw do work oUtr I1m really aorminaed that yam cm do & 
lot batter with the syateam 

w $he way, my suglff+rtlor 01 th6 Us8 of bleed agar W&S not qUitI &08&g tl!k6 line6 th6,f 
you owwd to hme faplied it fer. Thaw wmxld of (POPPN be n@ partlaglaz advrultags in 
using blood agar aa asspared ta ?iUt?hnt a&a? for silpls qaaatitatlve assay of plaq~~e 
titerr. It tU?ar 4ut hower6r that th6 Hr6 5WOW66 of 1y6l6, that is to my, of 
indrsation, appears truly as tIm h6%ral;r+bs ua8 I bare tkmght that paa might be able to 
get IL ursnbl~ mawara of imrduetboa si!ig4 by adding 60166 blgsd to the tuber in which th6 
ladte&tioa was t&lag plaoe and seeing the estrnt af hehaPyrir that went on there. ma 
wanld make it qtxite uaneearury ytm mm to da ftWher plating8 in tmdor bo aount the 
aumber bf phage partialsr that w4uM ba releamd. Whatthor thir it still worth a t?lal 
or net, 1 donat kww, but f thlaL it ws‘ald b6 .amarin# if ~rou wetid 6lf~pl3r de ea 
espetllmnt ta4n$ the fellawlRQ lilmr. @rt3~ sew &la ia e4mple2 medfam, w&@h it, t?Bat 
it tith W light, saad f voold nay a d46aga equiralont to let’s say 60 6etW~dS of I!L 13 
watt ttarile imp at a diStagQ6 of 50 OR arad then put tba ws6h64 aella bmk inte Peruwra~ 
m6dlv.m uader aonditiaar cbf aeratiort together with 6, osrtain caroast af bIcad. Tou, of 
oourso, will ~VB a eontrel asllaa: eel16 whXeh lmve not b66n apered ta W light and than 
after a @o?qla of hmarr redirmt out bath the barsteria and the red ~‘lla aad se0 hsv 16Ut?b 
helwg~obln h&r been rslu66d 66 the 6#?6raste. f’V6 WYe? d%W this 4XJ36Fii66At in JUSti 
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Tot J. Loin 

@06&bya for new. 

30ahua 


